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COMPARATIVE FERJORMAITCE OE A PO\YERPLUS 
VANE-TYPE SUPERCHARGER AND AN N.A.C.A. 
ROOTS-TYPE SUPERCHARGER 
By Oscar Schey and Herman H. EllerlDrock, jr. 

SUMMARY 



This report presents the results of tests of a Po^er- 
plus supercharger and a comparison of its performance ^7ith 
the performance previously obtained with an N.A.C.A^ Roots- 
type supercharger. The Powerplus super char ^^:er is a posi- 

* tive displacement "blower of the vane type having mechanic- 

ally operated vanes, the movement of which is controlled 
by slots and eccentrics. The sup er char r:er was tested at 

' a range of pressure differences from 0 to 15 inches of mer- 

cury and at speeds from 500 to 2,500 rcPomo The pressure 
difference across the supercharger was obtained by throt- 
tling the intake of a depression tank which was interposed 
in the air duct between the super char .^er and the Durley 
orifice box used for measuring the air. 

The results of these tests show that at low pressure 
differences and at all speeds the power required by the 
Powerpliis supercharger to compress a definite quantity of 
air per second is considerably higher than that required 
by the Roots, At pressure differences from 10 to 14 inches 
of mercury and at speeds over 2,000 r.,p,m. the power re- 
quirements of the two superchargers are practically the 
same. At a pressure difference of 15 inches of :.iercury or 
greater and at a speed of 2,500 r.p.m. or greater the per- 
formance of the Pov/erplus supercharger is slightly bettor 
than that of the Roots, Because the Powerplus supercharger 
cannot be operated at a speed greater thatn 3,000 roP#m, as 
compared with 7,000 r.p.m, for the Roots, its capacity is 
approximately one-half that of the Roots for the same 
bulk. The Powerplus supercharger is more complicated and 
less reliable than the Roots supercharger. 
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IITTROBUCTIOIT 



The experimental work in this country on aircraft en- 
gine superchargers has "been confined principally to the 
development of the centrifugal and the Root-s-type super- 
chargers. Little attention has "been given to the devel- 
opment of either the reciprocating or the vane-type super- 
chargers, "because of their greater weight, "bulk, and com- 
plicated operating mechanism. 

As the geared centrifugal supercharger has a high 
adiahatic efficiency and can he conveniently "built inte- 
gral with a radial engine, it is at present used more than 
any other tyj^e of supercharger. It is considered highly 
satisfactory for maintaining ground level pressures to low 
critical altitudes tiut is not as satisfactory for high 
critical altitudes. At least two gear ratios must be used 
between the engine and the supercharger or a large amoimt 
of throttling will be necessary at low altitudes to pre- 
vent overcharging of the engine. 

The use of the turbocentrif ugal supercharger is par- 
ticularly attractive for high altitude w/;ere its perform- 
ance is superior to any other type. It is not used exten- 
sively except for special purposes because, among other 
factors, the large amount of piping required makes a very 
comber some installation. 

The Roots supercharger is a simple machine but its 
use on aircraft makes a more bulky installation than the 
geared centrifugal. It operates on a "square" card re- 
sulting in high power requirements at large pressure dif- 
ferences as compared with superchargers operating with an 
adi abatic compression, 

A knowledge of the comparative performance of the dif- 
ferent types of superchargers under various operating con- 
ditions is essential in order to select the supercharger 
best suited for a particular condition of service. The 
National Advisory Committee for Aeronautics has conducted 
several investigations on superchargers to obtain this in- 
formation, (References 1, 2, 3/ and 4.) Recently the Bu- 
reau of Aeronautics, ITavy Department, submitted a Power- 
plus vane-type supercharger to the Committee for testing. 
The X)erf ormance *of the supercharger was determined for 
pressure differences of 0, 3, 6, 9, 12, and 15 inches of 
mercury and at speeds of 500, 1,000, 1,500, 2,000 and 
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2,500 r.p.m. This report presents the results of these 
tests and a comparison of the performance of the Power- 
plus vane-type supercharger with that of the II.A.C.A, 
Hoots-type supercharger. 

DESCRIPTIOIT OP THE POWSRPLUS SUPERCHARGER 



The Powerplus supercharger is a vane type with mechan- 
ically operated vanes having a restricted movement. This 
movement is governed "by slots and eccentrics so that there 
is always a small clearance between the tips of the vanos 
and the supercharger case. The assembled supercharger 
with oil pump and oil lines in place is shown in Figures 
1 and 2m 

The operating principle of the supercharger is as 
follows: Air enters the supercharger at A (fig, 3) and is 
trapped between two successive vanes. As the drum B re- 
volves, the air is compressed because the space between 
the drum and the case C diminishes, the drum being mount- 
ed eccentrically in the case. The compressed air is dis- 
charged through the outlet D. As' the drum revolves it 
exerts a side pressure on the vanes, causing the eccen- 
trics ur)on which the vanes are mounted to revolve and hold 
the proper clearances between the vanes and the case. 

An exploded view of the supercharger with the parts 
designated" for convenience is shown in Figure 4. The 
casing lis made of electron (a magnesium-base alloy) for 
lightness and is ribbed for strength and cooling. 

The assembly 2 of the vanes and eccentrics on the lay- 
shaft is shown. Two sets of vanes of air-hardened nickel- 
chrome steel operate in the drum at right angles to each 
other. Each set consists of two vanes and extends across 
the caseo The hubs of each set are integral with the 
vanes and are provided with case-hardened steel bushings 
which serve as bearing surfaces for the bronze eccentrics. 
There are two eccentrics at each end of the lay shaft which 
are bolted together 180^ out of phase. They turn on the 
lay shaft and in the hardened steel bushings and regulate 
the movement of the vanes so that the proper clearance is 
maintained between the tips of the vanes and the case. 
The laysh^f t .does not rotate, but serves as a support for 
the r vanes and eccentrics when assembled in the case. 
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On each end of the layshaft is a bearing* 3-, a "bronze 
bearing housing 4, and a mild steel nut 5 which screws on 
the bearing housing and holds the bearing in position. 
The assembly of these parts fits up against the eccentric 
and acts as a thrust bearing to hold the vanes in the 
proper axial position. 

Parts 5, 7, 8, and 9, the four quadrants of the drum, 
are made of diiralumin and are of skeleton construction 
for lightness. ilote the five bronze pads, 10 in each 
quadrant, to reduce the wear on the vanes and to reduce 
the friction where the vanes contact with the drum. Each 
quadrant of the drum fits between two vanes. The four 
quadrants are held in place by two steel rotor-end rings 
11, one of which is bolted to each end of the dri^m assem-- 
bly. Only the ring on the antigear end can "be soon in 
figure 4, the one on the gear end being assjnblcd. to the 
int crmodiato plate 13 on the opposite side to that shown. 
The brass oil ring 12 fits in the rotor-end ring lie 

The drum is held in the proper position in xl~.o case 1 
by two ball bearings, one on each end, Thebe bc;,ti beui'ings 
ca-nnot be seen bec-a.uso one i-s on the opposite side of ro- 
tor-end ring 11 and the* othei on the opposite side of in- 
termediate piate 13. 'The inner race cf each bearing is 
fitted over fo. flange on each of rotor-end ring& 11; the 
outer race of the bearing on the e;vntigc-.ar end fits in the 
end plate 18 and the one on the gear end in int carmediat e 
plate 13« 3:;;ar in mind that the shaft supports the vanes 
and the eccentrics and does not provide any i^upport for 
the drum. The driven gear 14 of air-hardened nickel- 
chrome steel is bolted to the steel rotor ring 11. A 
shoulder on the driven gear fits in the ball bearing which 
is held in place by the steel retaining ring 15. A brass 
oil retaining ring is shown as part 13. 

The end plate 19 is bolted to the int ermedia^te plat e 
13. It supports the driving shafts for the drum and the 
Bosch pi^mp and one end of the la;/ .'^haf t; ^ Thj s plate, like 
plates 13 and 18, is made of elehtron,. It n.3.s l:...aring 
housings in it for one of the bearings of the drvm drive- 
shaft and for the bearing of the pump drive shaft., Two 
ba.ll bearings and the driving gear 21 are mounted on the 
driveshaft 20. The driving gear is made of air-hardened 
nickel-chrome steel, and has 65 tootho The driven gea.r 
14 has 3 9 tooth which makes a gear ratio of 1.65. One 
bearing on the shaft fits in the bearing housing of the 
end plate 19 and the other bearing fits in housing 22 in 
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the intermediate plate 13. The piamp 23 i s mounted on the 
support 24 and is driven "by a shaft in the end plate. The 
pump speed is 3.25 times that of the driving shaft of the 
supercharger o The nuts 25 and 26 
of the layshaft and they serve to 
case . 



are screwed on each end 
locate the drum in the 



The operation of the supercharger is as follows: The 
gear 21 drives the gear 14, which is holted to the rotor- 
end ring. The drum is also holted to the rotor-end ring 
and will therefore rotate when gear 14 rotates. The drum 
in rotating carries the vanes with it, and the vanes in 
turn actuate the eccentrics. The eccentrics rotate twice 
as fast as the vanes and always maintain the latter in the 
correct position with respect to the case. 



Some physical constants of the supercharger are: 
Di splacement 
Fixed compression ratio 

Maximum sneed of drum 3,000 r.p.m. 



0.544 cuhic foot per 
rev olut ion 

1.53 



Weight 



119 -Dounds 



The supercharger is luoricated with ca,stor oil oy an 
oil system independent of that of the engine to which it 
may he attachud. The Bosch pump r/hich distrioutes the 
oil is provided with one intake and six discharge open- 
ings. One of the discharge oppnings is connected "by an 
oil duct to a pressure gauge and five are connected "by 
oil ducts to the supercharger at the following points 
(fig. 4): one on each end of .layshaft, one on the end plate 
19, '^nd two at 2? on the end plate 18. The connection on 
end plate 19 is so located that the oil can flow over the 
gears in the gear case^ The oil is drained from the case 
through a connection at the "bottom. 

The L-shaped connection 27 in end plate 18 is so lo- 
cated that the*^ oil in entering falls on the portion of the 
"brass oil ring 12 that is shaped to catch the oil. The 
oil is then thrown out "by centrifugal force into the oil 
grooves in the ring- Trii s oil then ijasses through holes 
running lengthwise in the drum quadrants and thence through 
holes in the "bronze hearing pads. This oil lubricates the 
surfaces "between the moving vanes and the drum* 
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•The eccentric "bearing surfa.ces are lubricated through 
the oil connections on each end of the layshaft* Passages 
are provided in the shaft and in the eccentrics to convey 
the oil to the hearing surfaces. The oil is thrown out 
"by centrifugal force, after leaving the surfaces, against 
the inside of the drum quadrants. Passages are provided 
in the quadrants to carry the oil hack to the gear cPoSe, 
However, as only a small amount of oil was drained from 
the case and a large amount passed out through the dis- 
charge it seems that most of the oil escaped through the 
spaces hetween the vanes and hearing pads in the qua.drants. 

In order to supply 4 pints of oil per hour to the su- 
percharger, the -amount specified iDy the manufacturers as 
essential for proper lubrication, the oil tank must be 
kept 'under a pressure head, A connection is provided on 
the supercharger case so that under service conditions the 
pressure on the oil tank is maintained by the supercharger. 

TEST PROCEDURE, EQUIPMENT, AND HETHODS 



Before any tests were conducted on the supercharger 
the Bosch pump was tested separately to determine what 
pressure head should be maintained on the pump and also 
whether it delivered the required 4 pints of oil per hour. 
In these tests the pump was driven by an electric motor. 
The motor was provided with variable resistance so that 
pump speeds of 1,050, 3,000, 4,200, and 5,000 revolutions 
per minute could be obtained. The rate of discharge was 
determined for these speeds with 0, 20, 40, 50, and 80 
pounds of pressure per square inch on the supply tank. 
The duration of each run was 1 hour. 

Because the supercharger was new it was ''run in" at 
speeds up to 2,200 r,p,m, before any performance tests 
were made. Its performance was t'nen determined for speeds 
of 500, 1,000, 1,500, and 2,000 r.p-m. at pressure differ- 
ences of 0, 3, 6, 9, 12, and 15 inches of mercury for each 
speed. These tests were followed by further running-in 
tests up to a speed of 2,800 r,p,m, whereupon its perform- 
ance at a speed of 2,500 r,p,m, was determined for each of 
the above pressure differences, llo test was made at its 
maximum drum speed of 3,000 r.p.m, because the supercharger 
never attained a speed over 2,800 r.p^m, without seizing. 
Trouble was experienced from time to time with the vane 
clearances, as is explained later. 
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The supercharger was driven by an electric dynamome- 
ter and the torque indicated by a Kron scale. The horse- 
power absorbed by the supercharger was computed from the 
scale reading and the dynamometer speed© The amount of 
air delivered by the supercharger was measured by moans of 
the Durley orifice box, From the measurement of the pros- 
sure drop acros's the orifice and the temperature of the 
air entering the orifices the weight and consequently the 
volume of air could be calculated. Pressure difference 
across the 'supercharger was obtained by throttling the in- 
take of a 72-cubic-f oot depression tank placed in the air 
duct between the supercharger and the orifice box. 

The data for the Roots supercharger of 0,509-cubic- 
foot displacement per revolution were taken from IT.A.C^A. 
Technical Report Ho. 284 (reference l) and were corrected 
to the same displacement as that of the Fowerplus by multi- 
plying the values by 0, 544/0.509, the ratio of the capa.ci- 
ties of the two superchargers. For further information 
on the method of conducting the tests and calculating the 
results, see references 5 and 6« 



RESULTS AiVD DISCUSSION 



The results of the Bosch pump tests are shown in Fig- 
ure 5. The amount of oil delivered by the pump increased 
both with the* increase of speed and primary pressure but 
the increas3 with the pressure was not very large. Howev- 
er, it was oocic'.ed always to have a piimarj^ pre'ssuro of 
not less- than 40 pounds per square inch on the tank owing 
to the fact that at 20 pounds per square inch the am.ount 
Of oil delivered fell off considerably at the higher speeds. 
A pump speed of 3,500 revolutions per minute ha,d to be at- 
tained before the pump delivered 4 pints of oil per hour. 
However, throughout the tests it was noted thr.t the super- 
charger had sufficient oil at low speed, even though 4 
pints were not used; the 4 pints per hour specified must, 
therefore, refer to the higher supercharger speeds. 

In order that the performance of the Fowerplus super- 
charger at various conditions of pressure and speed m.ay be 
more fully appreciated it has been compared with the per- 
formance of a Roots supercharger for the same operating 
conditions. The pressure-volume ca.rds for the Roots and 
the Fowerplus superchargers are shown in Figure 6. The 
Roots supercharger operates on a square card, the a-ir being 
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compressed within the supercharger by the hack flow of the 
compressed air. The Powerplus supercharger has a fixed 
compression ratio of 1.53. All air tai:en in is therefore 
reduced in volume to l/l.53 of the intake volume before 
it comes in contact with the discharged air, after which 
its pressure is either increased or decreased, depending 
on the pressure at the supercharger exit. If the exit 
pressure is higgler than the pressure of the compressed air 
within the supercharger the discharged air will rush back 
and further compress the air within the supercharger; 
whereas, if the pressure at tho exit is lower than that in 
the supercharger, as in figure 6, tho compressed air will 
rush out until the pressure within the case is equal to 
tho pressure at the exit. 

The pressure-volume cards in Figure 6 are ba.sed on a 
pressure difference across the supercharger of 8 inches of 
mercury and the volume displaced by one of the four vanes 
or lobes, A compression exponent of 1.407 was assumed for 
the Powerplus super charger • iTote that for the intake and 
discharge pressures given- in Figure 6 that the pressure 
within the case of the Powerplus supercharger is 39.87 
inches of mercury Just before the air between two success- 
ive vanes starts to flow through the discharge opening. 
The energy used in compressing tho air to a pressure high- 
er than the discharge pressure is wasted. This energy is 
represented by the area A. The area B represents the 
amount of unnecessary work done by the Roots because the 
air rushes back and must be expelled again. Prom a theo- 
retical consideration of the power requirements of the two 
superchargers, it is obvious that the Powerplus super- 
charger is better than the Roots for all conditions where 
the a,rea A is less than the area B. It is also obvious 
tha.t the power requirements are in favor of the Powerplus 
when the pressure differences across the supercharger are 
large and that they are most favorable to the Roots when 
the pressure differences are small. 

The performance data obtained in the laboratory test 
of the- Powerplus supercharger are given in Table I. 
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TABLE I 



PEHI'OPJ/iAIJCE DATA ?0R THS POWEHPLUS VAl^E-TYPE SUPERCHAEaEH 





Super- 


Pres- j 








Air 


Volu- 


Adiabatic 




charger 


sure 1 


Pres- 


Temper- 




weight 


metric 


efficiency 


Run 


speed 


dil f er— 


sure 


ature 


Horse- 


("Th.r.pr 


C i- X X 




Ko. 


(r.p.r/i. ) 




J. Cl 1/ X u 


ratio 


power 


sec # ) 


ci encv 








^ ±11 • ; 










("oer 






1 










cent ) 






i 






TEST ] 











2 


493 


3.10 


1.115 


1.020 


1.85 


0.2293 


77.5 


72.4 


3 


473 


^•i' i 


1.255 


1.042 


3.09 


,1641 


65.1 


66.0 


4 


505 


.20 


1.006 


1.007 


.67 


.3127 


92.9 


17.0 


5 


487 


8.85 


1.415 


1.070 


4.49- 


• 1^ 60 


54. 7 


54. U 


6 


528 


12.22 ! 


1.679 


1.106 


6.39 


.0183 




\; ,A 










TEST 2 








7 


1023 


.34 


1.011 


1.011 


2.42 


.6045 


88.5 


13.76 


8 


1016 


2.97 


1.110 


1.024 


4.19 


.5177 


84.8 


70,4 


9 


995 


5.90 


1.243 


1.040 


6.51 


.4226 


79.0 


77.4 


10 


1005 


8.94 


1.420 


1.082 


9.13 


.3352 


71.2 


71.8 


11 


1 992 


llc90 


1.650 


1.126 


11.60 


« 2o 9 5 


59.9 


59.0 


12 


! 1005 

i 

1 


14.85 


1.966 


1.204 
TEST [ 


14.40 


.1612 


47.7 


44.6 


13 


! 1505 


.38 


1.012 


1.019 


5.06 


.8861 


89.8 


9.7 


14 


i 1513 


2.95 


1.109 


1.030 


7.93 


.7959 


88.2 


55.8 


15 


1520 


5.94 


1.245 


1.054 


11,70 


.6803 


84.2 


69.9 


16 


1506 


8.97 


1.422 


1.085 


15.10 


.5520 


78.9 


72.5 


17 


1500 


12.20 


1.676 


1.149 


19.30 


.4698 


79.7 


72.4 


18 


j 1461 

j 


.15.15 


2.007 


1.201 

TEST ' 


23.10 


• 3187 


55.5 


OD. b 


19 


j 2012 


1 .71 


1.024 


1.027 


9.11 


1.1765 


89.0 


16.5 


20 


! 2018 


1 3,05 


1.111 


1.043 


12.30 


1 .(j4oU 


CR C 
oD . D 




21 


i 2002 


J 6.08 


1.252 


1.062 


16.60 


.9160 


85.5 


67.4 


22 


i 1998 


i 9.05 


1.427 


1.101 


20.90 


.7763 


83.0 


73.3 


23 


1 1£50 


1 12.00 


1.660 


: 1.143 


25.10 


.6364 


81.4 


73.1 


24 


; 1944 


j 15.00 


1.990 


1.190 


29.80 


.4993 


76.9 


67.5 


27 


! 2009 


! 6.00 


1.250 


1.054 


16.20 


.8900 


83.9 


66.8 




i 






TEST 5 








28 


1 2530 


.60 


1.027 


1.029 


14.79 


1.4260 


87.4 


14.1 


29 


1 2510 


3.00 


1.111 


1.039 


il8.78 


1.3138 


88.4 


40.1 


30 


1 2500 


6.08 


1.254 


1.056 


123.10 


1.1245 


85.7 


60.3 


31 


1 2503 


*9.09 


1.435 


1.06G 


.23.04 


.9670 


85.8 
J ... . 


71.4 



*No test data ohtained at hi^jh pressure difference for this speed 
hecause of contacting of the vanes with the case. 
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The curves in Figure 7 show the horsepower required 
to operate the Powerplus super char e^er and a Roots super- 
charger at various conditions of pressure difference and 
speed. The ciirves show that the Roots supercharger re-- 
quires less power at the low pressure differences, espe- 
cially when operating at high speeds, "but at the high pres- 
sure differences the power r eqxiir ement s of the Powerplus 
supercharger are less for all speeds. These results siih- 
stantiate the results presented in the preceding paragraph. 
Bear in mind that these curves alone do not indicate which 
supercharger is the more efficient; they show the horse- 
power required to operate the superchargers at these vari- 
ous speeds and pressure differences; whereas, to determine 
which is the more efficient supercharger the amount of air 
each delivers at the same operating conditions must he 
known. It may he well to mention here that the Powerplus 
supercharger cannot he operated at drum speeds over S,000 
revolutions per minute; whereas, the Roots supercharger 
can he operated at impeller speeds up to 7,000 revolutions 
per minute* The curves in Figure 7 show that the power 
requirements of the two superchargers are equal at pressure 
differences of 4, 6.7, and 8 inches of mercury at drum 
speeds of 1,000, 2,000, and 2,500 revolutions per minute, 
respectively. The variation of these pressure differences 
with the speed is due to the difference in mechanical and 
volumetric efficiency for these conditions. 

The weights of air delivered hy the Powerplus super- 
charger and a Roots supercharger at varioiis speeds and 
pressure differences are shown in Figure 8. With no pres- 
sure difference the Powerplus supercharger delivers less 
air than the Roots and the difference in air weight in- 
creases with increase of speed. At 12 inches of mercury 
pressure difference the Powerplus supercharger delivers 
approximately 0.10 pound of air per second less than the 
Roots at the low speeds and 0.14 pound per second less at 
the high speeds. On the hasis of air weights given in 
Figure 8 and the horsepowers given in Figure 7 the power 
required hy each supercharger to compress a definite 
weight of air can he ohtained. At a speed of 2,500 revo- 
lutions per minute and a pressure difference of 12 inches 
of mercury 32^8 horsepower is required hy the Powerplus 
to deliver 0.835 pound of air per second and 38.3 horse- 
power is required by the Roots to deliver 0.97 pound of 
air per second. Assuming that the power varies directly 
as the weight, then for these conditions of pressure and 
speed the power required to compress one pound of air per 
second hy the Powerplus and Roots is 39.3 and 39.5 horse- 
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poTver, respectively. In a similar manner the power re- 
quired "by each supercharger to compress a pound of air per 
second at other conditions of pressure difference and speed 
was determined and is presented in the following table. 



TABLE II 

HOHSEPOWER REQUIRED BY EACH SUPERCHARaER TO 
DELIVER ONE POUND OP AIR PER SECOND 



Supercharger Speed - 1,000 r.p.m. 

Pressure difference, in. of Hg 0 12 15 

N.A.C.A, Roots supercharger, hp 0.294 42,6 64.5 

Powerplus supercharger, hp 3.84 49.6 90.6 

Supercharger Speed - 2,000 r.p.m. 

Pressure difference, in. of Hg 0 12 15 

N.A.C.Aa Roots supercharger, hp 0.954 39.7 57.1 

Powerplus supercharger, hp • 6.57 39.55 59.8 

Supercharger Speed - 2,500 r.p.m. 

Pressure difference, in. of Hg 0 12 15 

N.A.C.A. Roots supercharger, hp 1.342 39.5 57.6 

Powerplus supercharger, hp 9,00 39.3 56.7 

A study of Ta"ble II shows that "below 12 inches of 
mercury pressure difference the results are more favorable 
to the Roots supercharger whereas from 12 to 15 inches of 
mercury pressure difference the performances are ahout 
equal at^ speeds of 2,000 revolutions per minute and a"bove. 
At high pressure differences (above 15 inches of mercury) 
the performance of the Roots supercharger is superior to 
that of the Powerplus except at speeds of 2,500 revolu- 
tions per minute or higher where the performance of the 
latter is slightly better. As designed, this supercharger 
would be most satisfactory foi* conditions where the pres- 
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sure • difference was from 12 to 15 inches of mercury*. The 
supercharger can, however, "be designed for other pressure 
differences. 

The comparative volumetric efficiencies of the super- 
chargers are shown in Figure 9 and the slip speed for each 
is shown in Figure 10. The . slip, speed is a measure in 
terms of supercharger speed of the quantity of air that 
slips hack, at variou"^.. pressure differences, "between the 
moving partes and the case of the supercharger. The slip 
speeds for the Roots supercharger were determined hy op- 
erating it at various pressure differences with the in- 
take blocked. The values for the slip speeds obtained by 
this method on a Koots-type supercharger should check the 
speed for zero air delivery at various pressure differ- 
ences 'in Figure 8, The method used for determining the 
slip speed of the Roots supercharger is not satisfactory 
f or , dot ermining the slip speed of the- Powerplus because^ 
even when there is no difference in pressure between the 
intake and. discharge there is a certain amount of slip in 
the Powerplus which is caused by high pressure air leak- 
ing back between the vanes and the case. From the curves 
in Figure 8 for zero pressure difference the weight of 
air that slips back in the Powerplus supercharger at vari- 
ous speeds can be obtained by subtracting the air weight 
given for .the Powerplus from the weight given for the 
Roots. Note that the difference decreases gradually as 
the- speed is decrea,sed« 

The slip speeds of the Powerplus supercharger can be 
determined f rom^ the volumetric efficiency curves in Fig- 
ure 9, For instance, at a pressure difference of 15 
inches of mercury and a speed of 1,000 revolutions per 
minute the volumetric efficiency of the supercharger is 
46.5 per cent. The slip speed must, therefore, be 53.5 
per cent or 535 revolutions per minute. The slip-speed 
curves in Figure 10 for the Powerplus supercharger were 
computed according to this method. iJote that, -anlike the 
Roots supercharger, the slip speeds for the Powerplus in- 
crease with speed up to a pressure difference of about 12 
inches of mercury. The slip-speed ciirves for a speed of 
2,500 revolutions per minute may be slightly high becaiise 
the method of computing these results neglects the effect 
of charging losses that may enter at this speed. Howev- 
er, on the basis of other tests conducted with a Roots- 
type supercharger at speeds up to 6,000 revolutions per 
minute it is believed that the charging losses would be 
negligible, at a speed of 2,500 revolutions per minute. 
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A comparisdn of the' adiaoatic efficiencies- of - tlie 
Eowerplus and the Roots s"dperchar:[;^rs is shown in Fi^^ure 
11, The adiabatic efficiency of "both superchart-;er s de- 
creo.ses with increase of speed at 1 ov; pressure differ-- 
ences, the effect being more noticeable in the case of the 
Powerplus supercharger* At high pressure differences tne 
eff ici ency ' increase s with increase of speed. The Power- 
plus supercharger is more efficient than the Hoots at the 
high pressure differences, but at the low pressure differ- 
ences the results are more favorable to the Hoots^ These 
efficiencies bear out what alrea-dy has been stated with 
respect to the horsepower required by each supercharger ' 
for various operating conditions • 

The Powerplus supercharger is more complicated and 
less reliable than the Hoots. In these tests difficulty 
was experienced with the vr.nes contacting with the case, 
which placed an excessive load on tho eccentricSe This 
contacting of the vanes was eliminated at speeds up to 
2,500 r.pcm, by scraping the case. At higher speeds the 
vanes -contacted even aft er • approximately 0,003 to 0.010- 
inch of metal had been removed. It is believed that the 
contacting is due to distortion of the case and that the 
design could be modified to eliminate or reduce it^ With 
this exception this is a well-designed and constructed 
supercharger and indicates that the manufacturers have ex- 
ercised great care and paid considerable attention to de- 
tails of lubrication and -weight reduction, - 

CQNGLUSIOiTS 



1, At low pressure differences the power required 
-by the Powerplus super charger to compress a definite quan- 
tity of air per second is greater at all speeds than that 
required by the N.A.C.A, Hoots supercharger. At pressu.re 
differences from 10 to 14 inches of mercury and speeds 
above 2>000 r,p,m. its performance is about equal to that 
of the Hoots, At a pressure difference of 15 inches of 
mercury, or greater, and a speed of 2,500 r.p^m., or great- 
er, the performance of the Powerplus supercharger is slight- 
ly-better than that of the Hoots, 

« • ' « . . 

2m The Powerplus supercharger is not equal to the 
Hoots supercharger in reliability. 



14 



ITaA.C.A. Technical ITote. No. . 426 



3, A Powerplus supercharger of the same capacity 

as a Roots supercharger would "be considerably more "bulky. 

4, This supercharger as designed would "be most sat- 
isfactory for conditions where the discharge pressure 

was ahout 30 inches of mercury, absolute, and the pressure 
difference was from 12 to 15 inches of mercury. However, 
the supercharger can "be designed for other pressure dif- 
ferences. 



Langley Memorial Aeronautical Laboratory, 

national Advisory Committee for Aeronautics, 
Langley Field, Va. , June 14, 1932. 
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Fig. 4 Ixploded view of Powerplus vane-type supercharger, 
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Fig. 5 
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Pig. 5 Ra,te of discharge of Bosch pimp at various speeds and with various 
pressures on supply tank. 
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Fig. 6 Comparison of pressure-vol-ame cards of Powerplus and N.A.C.A. 
Roots superchargers neglecting slip. 
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Fig. 7 Horsepov/er required "by Powerplus and N.A.C.A. Roots superchargers at various speeds and 
pressure differences. 
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Fig. 8 Weight of air delivered "by Powerplus and IT.A.C.A. Roots super- 
chargers at various speeds and pressure differences. Discharge 
pressure at sea level. 
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rie;.9 Volmaetric efficiency of Powerplus and N.A.C.A. Roots super- 
chargers at various speeds and press^ire differences. 
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Slip speeds of Poworplus supercharger of 0.544 cu.' ft./ revolution dis- 
placeincnt , calculated from volumetric efficiency ciirves. _j 



Slip speeds of iT.A.C.A. Hoots supercharger of 0.5G9 cu. ft ./revolution 

di splacemcnt , obtained "by hloclcing inlet to siiper charger. 
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,10 Slip speeds of Poworplus and DT.A.C.A. Hoots superchargers at various speeds and pressure 
differences. 
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Fig. 11 Adiabatic efficinncy of Powerplus and Il.A.C.A. Hoots superchargers at various speeds 
and pressure differences. 
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